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EVALUATION OF CRAFCO CRACK SEALANT 

ON ASPHALT PAVEMENTS 

H-5-085(004)041 

ND 96-04 

Objective 

The objective of this study is to evaluate the effective sealant capabilities of various types of 

cracksealing products. This study is being conducted on an asphalt pavement project. 

Location 

The project is located on US 85 from Amidon east and north to the county line. The 

project number is H-5-085(004)041. 

A map to the right shows the project 

locationin the state. Experimental 

sections are located within the project 

and are shown below. 

Crafco  Experimental Sections 

Crafco 34221 

Crafco 34522 

Crafco 34230 

Crafco 34231 

Mile  49.000 to 50.093 

Mile 50.107 to 51.154 

Mile 51.154 to 52.242 

Mile 52.242 to 53.000 (Control) 

Project plans are located in appendix A. They show the project location and notes 

governing work activities. 
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Project History 

Traffic 

Year Pass>Car Trucks Total Flexible  ESALs - Two way 

1996 660 120 780 85 

1997 1130 220 1350 160 

1998 1190 210 1400 150 

The 1997 ESAL increase is due to increased crude oil activity in the area. 

Construction 

"EXPRO" splits the highway status of the project into two parts. The first part begins at 

Amidonand proceeds east and north 9.7 miles. 

Year Thickness Type  Width 

1963 Grade 46 ' 

1964 4 .0 " AggregateBase 43 ' 

1964 2.0 " Hot Bit Pavement 120-150 43 ' 

1964 1.5" Hot Bit Wrng. 120-150 24' 

1975 1.5" Hot Bit Pavement 120-150 24' 

1991 2.8" Milling 27' 

1991 2.5" Large Stone Mix 120-150 27' 

1991 1.5" Hot Bit Pavement 120-150 27' 

1991 3.0 Finished Roadway Width 37' 

1993 Contract Chip Seal MC-3000 27' 

Crse 
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The second part is from 9.7 miles north of Amidon to 0.25 miles south of the county line. 

Year Thickness Type  Width 

1963 Grade 46 ' 

1991 5.0" AggregateBase 40' 

1991 3.0" Stabilized Base 43' 

1991 6.0" Recycled Bituminous Base 36' 

1991 3.0" Large Stone Mix - 120-150 30' 

1991 1.5" Hot Bit Pavement 120-150 27' 

1991 Finished Roadway Width 34' 

1993 Contract Chip Seal- MC-3000 27' 

Construction 
The contractor for this project was Roadway Services, Inc. of Fargo, North Dakota. The 

work consisted of routing and sealing transverse and longitudinal cracks in an asphalt concrete 

roadwaysurface. A sealant conforming to the requirements of ASTM D-3405 with the following 

modifications was specified. 

Penetration at 77° F - 90-150 

Bond at -20° F, Std Specimen 

3 cycles, 200% Extension - Pass 

The sealant material shall weigh not less than 9.00 nor more than 9.35 lbs/gal. 

A product called Crafco Roadsaver 34231 was to be used on the entire project. 

Anagreement was reached between Spec Materials, Inc. and the North Dakota Department of 

Transportationto install three other Crafco materials on this project for experimental purposes. 

RoadwayServices agreed to construct the test sites at the bid price for crack sealing. A 

change order was written to include the various types of material for the test sites. 

A copy of the change order is located in Appendix A. The basic procedure to rout and 

sealcracks using any of the sealants on the project is as follows. Provide traffic control, route 

cracks, clean routed cracks, fill crack with material, squeegee material, and if needed apply 

toilet 
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paper to prevent tracking. 

All of the sealants used on this project have a pour temperature of 380° F. The typical 

reservoirof a routed crack is found in the project plans. The plans are located in Appendix A. 

Problems can occur during the routing process. The cutting edges on the routers will 

wear down and become rounded. This is not acceptable as it will produce a reservoir that does 

notcomply to construction requirements. A poor reservoir is shown in photo 1. Notice in photo 

1 that the reservoir bottom is rounded. Also notice the surface edge is very irregular. Worn 

cutting wheels actually hammer their way through and can cause hairline cracks next to the 

Photo 1

Poor reservoir---worn cutting wheels on router.


vesseledge. These hairline cracks later show up as spalls. 

Tenlow profile reservoirs were cut and filled in each type of sealant section. A typical 

reservoirand a low profile reservoir are shown below. 
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D = W 

W 

Existing Crack 

D 

W 

Existing Crack 

W = 1 1/4" D = 3/8" MINIMUM 

LOW PROFILE RESERVOIR SECTION FOR CRACKS 

The experimental sections on this project are listed below. 

Top of Roadway 

W = 3/4" MINIMUM 

TYPICAL RESERVOIR SECTION FOR CRACKS 

Top of Roadway 

Material Test Area Footage(LF) Remarks 

34221 MP 49.000 to 49.907 3,147.0 ¾" × ¾" reservoir 

34221 MP 49.907 to 50.093  401.0 1¼" ×d" reservoir 

34522 MP 50.107 to 50.189  329.0 1¼" ×d" reservoir 

34522 MP 50.189 to 51.154 2,026.0 ¾" × ¾" reservoir 

34230 MP 51.154 to 51.909 1,405.0 ¾" × ¾" reservoir 

34230 MP 51.909 to 52.000  227.0 1¼" ×d" reservoir 

34230 MP 52.095 to 52.242  375.0 ¾" × ¾" reservoir 

34231 MP 52.012 to 52.095  201.0 1¼" ×d" reservoir 

34231 MP 52.242 to 53.000  control ¾" × ¾" reservoir 

The map below gives a visual observation of the various Crafco Sealant sections. Each 
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sealant covers both lanes. 

A total of 5750 linear feet of crack repair was installed in the three experimental 

sections. Materials and Research personnel returned to the project several weeks after the 

project was completed. A method was developed to measure how much a crack expands 

during the winter months. A nail was driven into the asphalt approximately 3" on each side of the 

crack.  Square headed concrete nails were driven flush with the roadway surface. A ruler was 

used to measure the distance from the outer edge of one nail to the outer edge of the other nail. 

Measurements were taken in millimeters. Photo 2 shows the method used. Three crack 

locations were selected in each of the four sealant sections. 

6




Photo 2

Method for nail installation.


Measurements between the nails are taken each winter. The ruler in photo 2 was used 

for demonstration only. Actual measurements are taken in millimeters. These measurements 

are to determine how much the transverse crack opens up under cold conditions. A 

comparisoncan be made to the bond extension percent for each tested material. Cracks are 

routed to obtain a ¾" × ¾" reservoir. A crack like this would have to expand ¾" to receive a 

100% extension. 

Eachsealant was tested according to their own respective specifications. The 

laboratoryreport sheets and the Crafco product data sheets are found in Appendix B. 

Specifications and test results of the sealants are shown in the following two tables. 

Table 1 shows that sealant 221 has a different specification than the other three 

sealants.  Crafco 221 is a standard crack sealant whereas the 522, 230 and 231 sealants have 

polymers added and are low modulus fillers. They are then tested by different methods. 
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Table 1 

Specifications 

Product # 221 522 230 231 

Pen 90 max. 120-150 Max. 120-150 Max. 120-150 Max. 

Bond 3 cycles 
50% extension 

3 cycles 
200% extension 

3 cycles 
200% extension 

3 cycles 
200% extension 

Flow 3.0 mm 3.0 mm 3.0 mm 3.0 mm 

Resilience 60% Min. 60% Min. 60% Min. 60% Min. 

Max. Max. Max. Max. 

Table 2 

Test Results of Sealants 

Product # 221 522 230 231 

Pen 86 122 126 132 

Bond passed passed passed passed 

Flow 2.0 mm 2.0 mm 3.0 mm 2.0 mm 

Resilience 81% 67% 63% 66% 

Evaluation 

The project was evaluated each year at two different times. The first evaluation was 

during a winter month and the second was during a summer month. Data will be shown from 

both evaluations, with emphasis on the winter evaluation. This is when the most stress is 

placed on the joint materials. 

1997 Evaluation 

Two representatives from Crafco and two representatives from Materials and 

Researchformed the evaluation team for the first winter 1996/1997 evaluation. Table 3 shows 

howmuch the cracks expanded in the winter and remarks on sealant failures. Table 4 refers to 

the low profile or wide width joints. 
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H-5-085(004)041 
Expansion of Routed & Sealed Joints 

January 28 and August 12, 1997 

Table 3 

Crafco Milepoint 
JointWidth -- mm 

Remarks based on 1-28-97 Evaluation 
original 1-28-97 8-12-97 

231 52.307 158 176 
lane 

patched 
over 

¾" Wide joint. 
during routing. 
was by nail impression. Sealant was very stiff ----thumb pressure 

231 52.554 158 175 patched 
over 

¾" Wide joint. 
bond with the routed joint. 

231 52.765 155 179 155 ¾" Wide joint. 

230 51.236 158 185 158 ¾" Wide joint. 
Aboutthe same stiffness as the Crafco 231 

230 51.340 159 179 159 ¾" Wide joint. 

230 51.752 158 176 158 
¾" Wide joint. 
spalls.  Same stiffness as crafco 231 
Sealant is performing very well. 

522 50.240 158.5 186 159 ¾" Wide joint. 
Softer than Crafco 231 or 230 

522 50.431 160 184 161 ¾" Wide joint. 
Sealant in good condition. 

522 50.776 160 177 159 ¾" Wide joint. 
Sealant in good condition. 

221 49.076 160 173 160 
¾" Wide joint. 
Sealant very stiff, similar to Crafco 231 & 230 

221 49.277 159 170 159 ¾" Wide joint. 
very stiff material 

221 49.530 158 169 158 ¾" Wide joint. 
some spalls, some adhesion. May not bond as well as others 

22% of the joint failed --most is attributed to missing the crack 
Measurement took out the nail---resulting in spall. The plow 

Very stiff but good 20% pulled away beyond the routed joint. 

Sealant looks good. About 6%failed due to spalling. 

Sealant looks good. failed due to spalling. 14% 

pulled away beyond the routed joint. 40% 

Including 6 small 6% pulled away beyond the routed joint. 

Good bonding 

29%-- pulled away beyond the routed joint. 

20%-- pulled away beyond the routed joint. 
Softer than Crafco 231 or 230 

30%-- pulled away beyond the routed joint. 
Softer than Crafco 231 or 230 

35%-- pulled away beyond the routed joint. 

40%-- pulled away beyond the routed joint --includes 4 spalls. 

50%-- pulled away beyond the routed joint. 
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H-5-085(004)041 
Expansion of Wide Width Routed & Sealed Joints 

January 28, 1997 

Table 4 

Crafco Location Remarks 

231 
Between MP 52.0 

& 52.1 

1¼" wide joint. Sealant looks good. About 10--15 % joint failure. 
Some spalling and adhesion failures. No width measurements 
were taken on any wide width joints. 

230 
Between MP 51.9 

& 52.0 
1¼" wide joint. Adhesion or spall failure. Sealant looks good. 10% 
joint failure 

522 
Between MP 50.1 

& 50.2 
1¼" wide joint. 30 - 35% joint failure. A few adhesion, but most 
pulled away beyond the routed joint. (Routing missed crack) 

221 
Between MP 49.9 

& 50.1 

1¼" wide joint. 70% of the joint failed, of which 60% is adhesion 
and 40% is that which has pulled away beyond the routed joint. 
More of a bonding problem than the others. 

Whenreferring to the open space in a crack that pulled away beyond the routed joint, I 

am referring to a crack that was missed during the routing process. The routed area is along 

side this crack and provides no benefit. These areas are counted as joint failures. Most 

failures occur due to poor crack routing. 

According to the measurements, the routed joints in the sections containing the Crafco 

231,230 and 522 material all expanded an average off" during this winter season. The 

Crafco 221 did not expand as wide. This section average was7/16".  This is only half as much 

joint expansion compared to the other sections. Joint failure is the highest in the Crafco 221 

with more adhesion failures than the other sections. Crafco representatives consider the 221 

and 522 sections to have failed. Judging the amount of failure per joint on a scale of 1 to 10, with 

10 showing very little failure and 1 as a total failure, Crafco rated the sections a 2. 
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The next four 

photos show a 

crack condition 

from each section 

from the 

1996/1997 winter 

evaluation. 

Notice the routing 

to the right in photo 

3. When this 

happens the 

sealant cannot 

protect the crack Photo 3 
Crafco 231–failure–routing missed crack (winter 96/97)

from moisture or 

incompressibles. 

Photo 4 shows the 

same kind of 

failure. Notice the 

failure to follow the 

crack. 

Photo 5 is a close-

up of a routed 

crack in the Crafco 

522 section. In the 

top part of the 

picture,the crack 

is wide open. In the Photo 4 
Crafco 230–failure–routing missed crack (winter 96/97) 

bottom part of the 

picture where the 
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routing is on the 

edge of the crack, 

the sealant has 

elongated enough 

to provide crack 

protection. 

Crafco  221 sealant 

is the material that 

has the highest 

failure rating. The 

major cause for 

failure of this 

Photo 5

Crafco–failure–routing missed crack (winter 96/97)


sealant is 

adhesion.  A typical 

adhesionfailure 

is seen in photo 6. 

Photo 6 
Crafco 221–adhesion failure 
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-------

The same rating system was used for the August 1997 summer evaluation. The ratings 

were up as expected. This is not an accurate account of the joint condition. Due to heat 

expansionthe crack narrows and many failures are hidden. All sections received about a 30% 

better rating when evaluated during summer months instead of during the winter months. 

Because the cracks are tighter in the warmer months, the material performance may be better 

thanthe winter rating suggests. But, the failures are still there and the sealant can not fully 

protect the crack from moisture intrusion. 

A sealed routed crack is considered failed if the combined failures total 20% or more 

ofthe joint length. See Table 5 for sealant ratings from data collected in January of 1997. 

Table 5 

Crafco Sealants Per Section---January 1997 

Crafco Type 
Crack 

Spacing in 
Feet 

Failure Rating Failure Type 

1 to 10 % M* A* 

221 50 failed 90 ? majority 

522 64 failed 39 82% 18% 

230 90 8.1 19 84% 16% 

231 65 8.5 15 95% 5% 
*M= crack area missed during routing 
* A=  Adhesion Failure 

Both Crafco 221 and 522 sealants have failed the first cold weather season. It can be 

said that all sealants would have received a better rating if the routing had not missed so much 

ofthe crack. 

1998 Evaluation 

The winter of 1998 was an exceptionally warm winter with no snow cover. The 

evaluationwas conducted in February. We knew that the evaluation would be tainted by the 

warm weather and would reflect in improved ratings. See Table 6. 
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Table 6 

Crafco Sealants Per Section---January 1997 & 1998 

Crafco 
Type 

Crack 
Spacing in 

Feet 

Failure Rating January 1997 Failure Rating February 1998 

1 to 10 % 1 to 10 % 

221 50 failed first year 90 ? 4.9 51 

522 64 failed first year 39 6.3 37 

230 90 8.1 19 8.3 17 

231 65 8.5 15 8.0 20 
The Crafco 221 and 522 received failure ratings even in the 1998 warm winter 

evaluation.  Crafco 230 is performing a little better than the Crafco 231. The ratings in Table 6 

for the winter of 1998 show an improved rating over 1997. This is due to the warm winter 

weather which affects the crack expansion. The sealed cracks would be tighter. This results in 

a better rating because less failures shows up. 

Severe rutting is taking place on many parts of the project. Some areas have been 

completely overlaid with asphalt mix to correct the rutting. A good stretch in the Crafco 231 

controlsection was 

overlaid due to 

rutting. This 

sectionwas 

extended to 

include about the 

same number of 

cracks as in the 

other sections. In 

some areas the 

entire roadway 

was overlaid. 

Photo 7 shows a 
Photo 7 

lane overlay at Asphalt overlay to correct rutting---Crafco 231 section 

milepoint 52.308 in the Crafco 231 section. 
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The asphalt overlay has been in place for about a year and shows that the routed crack 

is reflected through the overlay. 

Rutting  varies in depth, with measurements up to 1¼ inches. This may be directly 

related to the increased crude oil activity in the area. Rutting is not reserved to any Crafco 

section, but is mostly found in the Crafco 231 and 230 sections. 

Depressed transverse cracks started showing up in 1997 and continued to increase in 

Photo 8

Depressed and multiple cracking--Crafco 221 section


1998. Many of these are starting to become multiple cracked. See photo 8. The ride is being 

affected by these depressed cracks. 

1999 Evaluation 

The 1999 evaluation was conducted February 4 th  and 5 th.  There was very little snow on 

the ground and the temperature was not very cold. Some of the cracks were expanded from ¼ 

inchto ½ inch. For the most part, the test sections are very similar to the 1998 evaluation. The 

Crafco 221 and 522 sections have been rated a failure and are not included in the 1999 

evaluation.  Most of the 522 section has been covered by a maintenance overlay. 
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All of the cracks in each of the Crafco 230 and 231 sections were rated and the 

average results are shown in Table 7. The crack spacing was not checked in the 1999 

evaluation. 

Table 7 

Crafco Sealants Per Section---January 1997,1998, and 1999 

Crafco 

Type 

Crack 

Spacing in 

Feet 

Failure Rating January 

1997 

Failure Rating February 

1998 

Failure Rating February 

1999 

1 to 10 % 1 to 10 % 1 to 10 % 

230 90 8.1 19 8.3 17 8.8 12 

231 65 8.5 15 8.0 20 8.3 17 

The 1999 rating has improved from 1998. This is attributed to changes in each 

section.  About half of the 230 section has been overlaid with asphalt or chip sealed. This 

leaves less cracks for the evaluation. The 231 section has been patched and overlaid in some 

areas to repair severe rutting. To compensate for less cracks for the evaluation, this test 

sectionwas extended in length. Thus, new cracks are included in the evaluation and may 

influence the outcome. 

Two photos taken at the same crack location are shown on the next page. Photo 9 

shows a typical bad crack during the early part of February 1999. This crack is located in the 

Crafco 231 section. Photo 10 shows the same crack on May 5, 1999. This is not during the 

warmest part of the year, but already shows how the crack is closing up. This is why there can 

be such a difference between evaluators and also what time of year the evaluation occurs. 
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Photo 9

Crafco 231 section – February 1999 crack severity level


Photo 10

Crafco 231 section–Same crack as Photo 9 except taken on May 5, 1999


You do not see as much failure–even though it is there
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It would seem logical that maintenance forces will patch the areas that are the most rutted. This 

has been done in past years. Many cracks continue to become more depressed each year. 

The Crafco 231 and 230 material placed in the wide width routed joints seem to 

perform better. They look better and do not have as many failures. 

2000 Evaluation 

Materials and Research did not conduct a winter evaluation for 1999/2000. The winter 

Photo 11

Bleeding in wheel paths


was rather mild and may have produced results that would not accurately represent the 

sealants performance. A summer evaluation took place on August 9, 2000. The Crafco 221 

and 522 sealants are still in the routed cracks but, are considered failed and have been 

dropped from the evaluation. 

The Crafco 230 section has been patched in some areas leaving only 23 cracks to 

evaluate. The cracks look like they are in rather good shape in this section but, some places 

are rutted over an inch. Photo 11 shows a sand seal where the asphalt is bleeding through. 

Photo 12 shows the depth of rutting at places in the Crafco 230 section. 
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Photo 12

Rutting in inside wheel path – SB


The Crafco 231 section also has been overlaid in areas due to rutting. This section 

was extended in 1999 and has 52 cracks to evaluate. Photo 13 shows a typical crack in either 

the Crafco 230 or 231 section. 

Photo 13

Typical crack found in Crafco 230 or 231 section
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As in other years, the percent of failure was determined for each crack by visual 

analysis.  The evaluation was expected to be good based on the time of the year that the 

evaluationwas taken. A copy of the field evaluation data sheets are included in Appendix B. 

The Crafco sealants 230 and 231 were rated as in the past where failure per crack was based 

ona scale of 1 to 10. A rating of 10 is the best and 1 is the worst. 

Table 8 

Crafco Sealants Per Section---January 1997,1998, and 1999 

Crafco 

Type 

Failure Rating 

January 1997 February 1998 February 1999 August 2000 

1 to 10 % 1 to 10 % 1 to 10 % 1 to 10 % 

230 8.1 19 8.3 17 8.8 12 9.5 5 

231 8.5 15 8.0 20 8.3 17 9.4 5 

The section ratings are up over last year as expected by a summer time evaluation. 

Photos 9 and 10 from the 1999 evaluation show this very well. These photos show the visual 

difference of a cracks sealant failure between a winter and spring environment. Both materials 

were given the thumb test for flexibility and were judged equal. After four years of service both 

Crafco Sealants 230 and 231 are performing satisfactorily. 

Summary 

It is vital to the success of the project to provide a routed vessel with vertical walls and a 

flatbottom. This means that the cutting wheels on a router must be kept in good condition. The 

requirements for routing are found in the project plan notes. Strict adherence to these 

requirements must be mandated. This would help to construct a properly routed crack that can 

provide optimum performance. 

Joints were measured during a cold winter day and a warm spring day for 1997,1998, 

and 1999. Crack spacing ranged from 65 feet to 90 feet in the Crafco 230 and 231 sections. 

The routed joints expanded from7/16 inch to7/8 inch during the cold winter of 1996/1997 and 

from a ¼ inch to ½ inch during the winter of 1998/1999. The section with the greater crack 

spacing shows the most crack expansion. A warm weather evaluation will produce up to a 

30% better joint rating than a cold weather evaluation. 
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This report fails a joint if combined failures total 20% or more. The sealant cannot be 

blamed for all of the failures on this project. The Crafco 221 and 522 were judged a failure. 

Crafco 231 and 230 have received a slightly better failure rating for 1999. The majority of the 

joint failures in each section were attributed to missing or near missing the crack during the 

routing process. This represents about 85% of the failures. The rest of the failures are primarily 

adhesion. 

Severe rutting problems were overlaid with asphalt to correct the problem. Rutting was 

measured at 1¼ inches to 1½ inches at several locations. Cracks were becoming depressed 

insome areas within the test sections in 1997 and 1998. These depressed cracks are 

becoming multiple cracked and more depressed in 1999. All of the sections would have 

received a much better rating if the routing had not missed so much of the crack. Routed cracks 

thatwere constructed properly are performing satisfactorily. The Crafco material seems to be 

able to expand with the crack at these locations. 

The August 2000 evaluation shows that the Crafco 230 and 231 sealants are 

performing about equally. The ratings were much better than in past years but this is attributed 

to the summer evaluation. 

Recommendations 

Any time cracks are routed and sealed, it can not be stressed enough the importance 

of obtaining a good vessel with vertical side walls and a flat bottom. Most importantly is the 

need to take the time to follow the crack as closely as possible with the router. Crafco 230 and 

231 sealants provided good performance in this study and are recommended for use. 

Althoughsome of the problems were construction related and not necessarily product related, 

the Crafco sealants 522 and 521 in this study did not perform very well and are not 

recommended. 
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